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The present invention relates to a polyorganosilsesquioxane and a method of manufacture 
thereof. In a polyorganosilsesquioxane of the present invention, the handling is more convenient. 
The polymerization rate adjustment is facilitated. And it can introduce the structure of being the 
high pupils to the polymer main chain. It can give the high function and the characteristic of 
being various to Polymer compared to the conventional polyorganosilsesquioxane the various 
manufacturing method including the step polycondensing the organosilane triol which is the 
starting material is used. 
S: Keyword(s) 

w 

A polyorganosilsesquioxane, the organosilane triol, and the polymerization. 



JL Description 



* Purpose of the Invention 

v The Technical Field to which the Invention Delongs end the prior An In that Rek; 
The present invention relates to a polyorganosilsesquioxane and a method of manufacture thereof, more 
particularly, to the polyorganosilsesquioxane the triol organosilane to the starting material and a method of 
manufacture thereof. 

Recently, the development of the high-end versatility advanced material is studied with the power generation of 
the marked advanced technique field in the various circles. Particularly, the research about the polymer new 
material paids attention to the scene description in which the technology forming the organic like a composite or 
the inorganic hybrid having the composite structure of the inorganic material and organic with the high 
performance conversion of the organic polymer, for example, the improvement of the heat resistance or the 
glass transition temperature (Tg) is most highlighted. 

It variouses, the organic or the conventionally known inorganic hybrid meterial exists. However. 
The paper [J/6 Am. Chem. Soc. 82 which as to a polyorganosilsesquioxane, a braun etc. announce. In 6194 
(1960)], "glass - resin" , and "SST- resin" were commercialized to the synthesized since in the Owens Illinois 
and Gelest to a name for the first time. But the high molecular structure control and molecular weight control are 
not easy and the crux of the polymer quantizing is still existing and the application of the industrial material till 
now does not develop into the practical use step. 

But the characteristic of being improved of a polyorganosilsesquioxane was caused with the ladder (ladder form) 
structure of being the high pupils. Therefore the research about the condensation method had been being 
progressed in the various circles with the development of the easy and new starting material as the various 
method to form the ladder structure. As to the manufacturing method of the till now known and representative 
polyorganosilsesquioxane, by dehydrating and condensing under the catalyst buying the precursor hydrolysate 
hydrolyzing a trichlorosilane or a trialkoxysilane and is obtained with the alkali / it can manufacture readily 
polymers (the degree of molecular weight distribution (Mn/Mw) is about 5 through 3 Mn is about 30,000 through 
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20,000) of the low molecular weight. 

Moreover, it had an advantage in case of the conventional method for manufacturing a 
polyorganosilsesquioxane by using a trialkoxysilane in that the handling including the hydrolysis reaction rate 
control etc. was facilitated than a trichlorosilane. However, presence had the disadvantage as follows, it was 
clarified through moreover, all kinds of the researches with the modecular defect of the oligomer which was 
caused since the hydroxyl group existed inside the production high molecular structure and presence of the 
alkoxy group. 

That is, there is a problem that the polymer of the branching structure which is not 1) ladder structure is 
generated. And a selection and amount of the catalyst, used with 2) the selection of the reaction solvent, and 
the adjustment of the elaborate pH of the reaction solution are required. However, the adjustment is not easy. 
And it is incongruent for the high regularity silicon ladder polymer Holotrichia the network structure which is 3D 
being to some extent formed with 3) and forming a microgel. 

As described above, the concern about a polyorganosilsesquioxane was great from a past and the research 
about that had been being continuously .consistently accomplished. But since the condensation process which is 
known via the till now known and various synthetic method, for example, the research of structure for these and 
synthetic method including the sol-gel method, the ring opening polymerization, the balance polymerization 
method etc. very complexes and varies and the structure control of a polymer is unable to be enough made it 
acts on the put to practical use on the fixed limit due to the problem of the product, for example, the product, 
for example, the product name glass resin, another name T-shape resin etc. coming into the market unable to 
complying with for the various kinds condition which can be used as the industrial new material. 
Presently, it is preferable that the condition, to be equipped as the industrial new material device using the 
organic or the inorganic hybrid material is the low-dielectric constant of about 3 through 2, and the pyrolysis 
starting temperature carry a characteristic including the excellent thermal stability, the low moisture absorbency, 
the low thermal expansion coefficient more than 400 °C, the excellent gap filling capability and adhesive property 
etc. good. 

The organosilane triol of the high purity which is not oligomer having the molecular weight which is the starting 
material various by these inventors in order to improve the above-described different problem and the structure 
thereof is used. The high regularity / crystalline poly phenylsilsesquioxane which it could not control with 
structure is synthesized to the conventional synthetic method. 

But the necessity about the polyorganosilsesquioxane having the more excellent high regularity / crystalline still 
remains. 



An object of the present invention is that it is the thing about the new advanced weapon polymer having the 
excellent property with the development of the development of the new precursor giving the high function and 
the characteristic of being various to 8) polymer the void formation of the nanoscale or the molecular orientation 
is the size on the dispersion facilitated within 7) polymer backbone it makes the chemistry improvement which 
the chemical reaction accelerates facilitated it spreads the structure of 6) polymer it can control the structure of 
5) polymer cross-linking, especially, the structure of 5) polymer cross-linking, especially, the extent of a 
cross-linking, the cross linked density etc. facilitate it makes the introduction of the high systematic R-SiO 3/2 
possible in the main chain of 4) polymer the hydroxyl group uniformly exists in 3) Polymer socks shift 2) 
polymerization rate adjustment is facilitated 1) handling is convenient and a method of manufacture thereof. 
In the present invention, it is done by the object of the present invention to provide the polyorganosilsesquioxane 
for achieving the technical problem and a method of manufacture thereof. 
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The polyorganosilsesquioxane which the present invention provides in order to solve the object of the present 
invention is the following chemical formula 1 , and the compound of 2 or 3. 




(among an equation, the hydrogen, the substitution of 30 through the carbon atom number 1 or the 
non-substituted aliphatic hydrocarbon group, the substitution of 30 through the carbon atom number 1 or the 
non-substituted aromatic hydrocarbon group, the substitution of 30 through the carbon atom number 1 or the 
non-substituted alicyclic hydrocarbon group, the substitution of 30 through the carbon atom number 1 or the 
non-substituted silyl group, the substitution of 30 through the carbon atom number 1 or the non-substituted allyl 
group, and the substitution of 30 through the carbon atom number 1 or the acyl radical, vinyl group, amine 
radical, acetate or the non-substituted alkali metal are shown R 1 . A n is the fixed number of 300,000 through 
2) 

(among an equation, R 1 defines with above statement. R 3 is the same as that of R 1 the definition. A I the 
fixed number lice, of 300,000 through 2am and n which is the drainage of 2 are the fixed number of 300,000 
through 2) 




(among an equation, R 1 , R 3 , I/6 , and a m and n are the same as that of the bar defined as described 
above) 

As to the precursor for manufacturing the chemical formula 1 , and the compound of 2 or 3, the cyclic tetra 
organo silsesquioxane of the following chemical formula 4 is desirable. 



(among an equation, R 1 is the same as that of the bar defined as described above) 

The manufacturing method of the cyclic tetra organo silsesquioxane that is the precursor for manufacturing a 
polyorganosilsesquioxane of the chemical formula 4 of the present invention is same as those of below equation 
1. 



(among an equation, R 1 is the same as that of the bar defined as described above) 

It is possible that as shown in it shows in the equation 1 , the cyclic tetra organo silsesquioxane of the chemical 
formula 4 is obtained as the precursor for obtaining the polyorganosilsesquioxane of the invention reacted in the 
organic solvent with a catalyst by using the organosilane triol which is the starting material. As to the product 
generated with the reaction, the compound having the structure of being various besides the compound of the 
chemical formula 4 is obtained but it refines and it can obtain the compound of the high purity this from the 
Bang BeopEu including HPLC, a re-crystallization etc. after dividing. 

Generally the organic solvent used for the reaction does not have the limit special if it is the used organic 
solvent. However, the acetone, toluene, N-hexane, THF or the ether etc. are desirable. 

As to the catalyst used for the reaction, naOH, KOH, the NaHCO 3 or the DCC (1 ,3- dicyclohexylcarbodiimide) 
etc. are desirable. 

As to the reaction temperature of the reaction, 3 ~ 100°C is desirable. 1 ~ 200 hours as to the reaction time, 
are advisable. 

As described above, by using the obtained cyclic tetra organo silsesquioxane of the chemical formula 4, the 
following chemical formula 1 which is the intended compound, and the polyorganosilsesquioxane of 2 or 3 can 



be obtained from the reaction of below equation 2. 



(among an equation, R 1 , R 3 , I/6 , and a m and n define with above statement. The hydrogen, methyl, 
acetate, sodium or the potassium is shown R 2. X shows the halogen) 

As shown in the equation 2, by poly-condensing the cyclic tetra organo silsesquioxane that is the compound 
obtained as a precursor of the chemical formula 4 to the normal method in the organic solvent the chemical 
formula 1 , and the polyorganosilsesquioxane of 2 or 3 can be obtained. 

It is possible that the limit which is particular as (B) or (C) process of being the polycondensation process of the 
equation 2 (A) does not have. But it can use the various method including a heating, the optical irradiation, the 
electron beam scanning or the microwave radiation etc. And it obtains the compound in which the n value is big 
in case of using a catalyst. 

It is preferable that preferably the compound used for the equation 2 of the chemical formula 4 300 parts by 
weight through 5 uses against the organic solvent part per hundred resin in the range of the part per hundred 
resin through 10. A polycondensation of the used amount of the compound of the chemical formula 4 5 parts 
by weight U.S. is late or the reaction is not enough progressed. And if it is over 300 parts by weight, the gelation 
can occur under the reaction and it is not desirable. It is preferable that the catalyst, which it uses in order to 
accelerate (B) or (C) process of being the polycondensation process of the equation 2 (A) as a rule, a limit 
does not have. But preferably it uses one or more material among the amines or 4 class ammonium salts, a 
fluoride including the dimethylamine ethanol, a triethanolammine etc. with the alkali metal hydroxide, a 
triethylamine, a diethylenetriamine, the meta- butyl amine including NaOH, the potassium hydroxide, the cesium 
hydroxide etc. because of selling. It is preferable that preferably the catalyst for this condensation reaction 5 
parts by weight through 0.001 uses against the compound part per hundred resin of the chemical formula 4 as 
the range of 1 parts by weight through 0.001 . 

It is preferable that the limit which is particular as the organic solvent used for the reaction of the equation 2 
does not have. But it uses the THF, the benzene, a chlorobenzene, the xylene, MIBK, DMF, NMP, 1 ,4- dioxane, 
DMAc, the acetone or the toluene etc. 

It is preferable that the thing which the reaction temperature of (B) or (C) process of being the polycondensation 

process used in the equation 2 is the range of 350 °C through 50 (A), and reacts in 150°C through 100 is 

desirable. And the reaction time at this time, to progress is advisable if it controls at the range of 50 hours 

through 1 in case of using a catalyst. It reacts at the range of 350"C through 100 with 30 hour through 1 in case 

of not using a catalyst. There is a problem that it is not comprised of the extent that the efficiency of *** sum 

reaction is in case of being deficient in the polycondensation temperature or exceeding this. 

Moreover, a phase enough can obtain the Polymer of the high molecular weight through the handling method 

the purity of the compound of the chemical formula 4 for a polycondensation is 90% or greater. 

More concretely, it is the same as that of the next time if each polycondensation process of the equation 2 is 

explained. 

As to the process (A) of the equation 2, by polycondensing the compound of the chemical formula 4 without the 
other additive it polymerizes the hydroxy of both end with dehydration and it can obtain the compound of the 
chemical formula 1 . 

As to the process (B) of the equation 2, X of the compound of the alkoxy radical of the compound of -OH of 
the compound of the chemical formula 4 and chemical formula 6 or the chemical formula 7 unite as the step 
reacting 2 Si (R 3) 2 which is the compound of the compound which is a precursor of the chemical formula 4 
and chemical formula 6 or X 2 Si (R 3) 2 which is the compound of the chemical formula 7 (R 2 O) and it can 
obtain the compound of the chemical formula 2. Particularly, it is preferable that the alkali metal hydroxide is 
used as the polycondensation catalyst in case of using the compound of the chemical formula 6 as a reactant. 
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As to the process (C) of the equation 2, X of the alkoxy radical of -OH of the compound of the chemical 
formula 4 and chemical formula 8 or the chemical formula 9 unite as the step reacting 3 SiR 3 which is the 
compound of the compound which is a precursor of the chemical formula 4 and chemical formula 8 or X 3 SiR 
3 which is the compound of the chemical formula 7 (R 2 O) and it can obtain the compound of the chemical 
formula 3. Particularly, it is preferable that the alkali metal hydroxide is used as the polycondensation catalyst in 
case of using the compound of the chemical formula 8 as a reactant. The polyorganosilsesquioxane indicated 
in the present invention as 3 provided through the chemical formula 1 has the high solubility about the general 
organic solvent and it is a soluble in the ethers of the hydrocarbon, THF, 1 ,4- dioxane, a diethylether, the 
dibuthyl ether etc, the acetone, the methyl ethyl ketone, a methyletherketone, including, the ketones, the ester 
type and dimethylformamide, including, the organic solvent including the aromatic hydrocarbons of the toluene, 
the xylene, the benzene, a chlorobenzene etc, the methylene chloride, Chloroethane etc. 
The term that it is R 1 and R 3 used in the present invention independently shows the hydrogen, the substitution 
of 30 through the carbon atom number 1 or the non-substituted aliphatic hydrocarbon group, the substitution of 
30 through the carbon atom number 1 or the non-substituted aromatic hydrocarbon group, the substitution of 
30 through the carbon atom number 1 or the non-substituted alicyclic hydrocarbon group, the substitution of 30 
through the carbon atom number 1 or the non-substituted silyl group, the substitution of 30 through the carbon 
atom number 1 or the non-substituted allyl group, and the substitution of 30 through the carbon atom number 1 
or the acyl radical, vinyl group, amine radical, acetate or the non-substituted alkali metal. Preferably it shows 
the low alkyl group, phenyl radical, phenolic group, chlorophenyl group, vinyl group, carboxyl radical, 
trimethylsilyl group, acetate, sodium, the potassium etc including the hydrogen, the methyl radical, the ethyl 
radical or the propyl etc. And more preferably, it shows the hydrogen, methyl radical, phenyl radical, vinyl group, 
the trimethylsilyl group etc. 
Embodiment. 

It decides to illustrate the embodiment is given concretely below, and the present invention are illustrated. But 
the execution examples can be transformed into into the form which the various is different. In order to 
completely illustrate the present invention to the person who the execution examples of the present invention has 
the average knowledge in the relevant industry, it is provided. 

Embodiment 1: the Holotrichia (R of the compound (cyclic tetraphenyl silsesquioxane) of the chemical formula 
4. 1 = phenyl). 

After the magnetic stirring apparatus was set up in the round with 250ml bottom flask. After the sodium 
hydrogen carbonate 1 .25g which was the phenylsilantriol (PST) 25g and catalyst was dissolved in the chloroform 
of 80ml, the insoluble material the filter out, and filter liquor was concentrated on 1/2. The cyclic tetraphenyl 
silsesquioxane (yield : 88%) which was the colorless and transparent needle crystal was obtained the 
concentrated chloroform solution was recrystallized in below zero 10°C between 3 month. It used as the analyte 
sample the obtained needle crystal vacuum was dried at below zero 10°C with 4 hour. 
1 H NMR(500MHz/CDCI 3 ): 6 7.11~7.8(m, Si-Ph), 2.2~2.8(s, Si-OH) ppm 

IR(KBr): 3600~3200(Si-OH), 3080~2940(CH), 1435(Si-Ph), 1050(O-Si-Ph), 1150(O-Si), 750, 700(Ph) cm -1 

29 Si NMR(99.3MHz/CDCI 3 ): 6-64.1 ppm (Ph-T 2 (OH) 1 ) 

GPC(PSt): Mn=640, Mw/Mn=1 .0 

XRD: 29=5.71, 7.77(Si-0), 19.52, 18.12(Si-Ph) 

Embodiment 2: the siloxyl capping reaction of the cyclic tetraphenyl silsesquioxane. 

In the above preferred embodiment 1 , the structure of the obtained cyclic tetraphenyl silsesquioxane decides to 
be described about the other method for confirming. 

While passing the nitrogen gas which was dried after connecting 20ml dropping funnel to the round with 50ml 
bottom flask through, it dried with flame. Subsequently, after dissolving at the cyclocen 10ml distilling the cyclic 
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tetraphenyl silsesquioxane 0.33g obtained in the embodiment 1 , the catalyst N (CH 2 CH 3) 3 0.1 7g was put 
and it mixed at the room temperature for 1 hour. After (CH 3) 3 SiCI 0.1 3g was dissolved at the cyclocen of 
10ml, while slowly dipping by using the dropping funnel, the siloxy capping reaction was proceeded. After the 
trilene group was removed with filtering if it reaction was closed, a cyclocen was dried in a vacuum and the 
reaction product of the white was obtained. 

1 H NMR(500MHz/CDCI 3 ): 6 7.1 1 ~7.8(m, Si-C 6 H 5 ), 0.2(s, (CH 3 ) 3 -Si) ppm 
(Ph/Me 3 ratio; 35.8/19.2 = 5/9 ) 

29 Si NMR{99.3MHz/CDCI 3 ): 8 -37(s, Si-(CH 3)3), -83(s, Ph-T 3 ) ppm 

Embodiment 3: the Holotrichia (R of the compound (polyphenylsilsesquioxane) of the chemical formula 1.1 = 
phenyl) . 

After installing the Dean-Stark tube in the round with 50ml bottom flask, it dried with flame in the nitrogen 
atmosphere. The potassium hydroxide of 5.0mg and the cyclic tetraphenyl silsesquioxane 5g obtained from the 
embodiment 1 was put in a flask and the toluene of 38ml was put and the cyclic tetraphenyl silsesquioxane was 
dissolved. Subsequently, in the reflux temperature of the toluene, it reacted for 38 hours. After the precipitate 
which agitated for the half an hour after dipping at Hoo, and the methanol of the excess of quantity with half 
and was generated was filtered, the reaction product (the yield : 98%) of the white powder was obtained. 
In 50 °C a product, it vacuumed dry with 10 hour and it used as the analyte sample. 
1 H NMR(500MHz/CDCI 3 ): 8 7.11~7.8(s, Si-Ph) ppm 

IR(KBr): 3080~2940(CH), 1435(Si-Ph), 1050(O-Si-Ph), 1150(O-Si), 750, 700(Ph)cm -1 

29 Si NMR(99.3MHz/CDCI 3 ): 8 -83.7ppm 

XRD: 29=5.71, 7.96(Si-0), 24.87, 22.69, 19.52, 18.12(Si-Ph) 

Embodiment 4: the Holotrichia (R of the compound (cyclic tetra (trimethyl silyl) silsesquioxane) of the chemical 
formula 4. 1 = trimethyl silyl). 

Except instead of using with phenylsilantriol, 1 , 1 , 1 - trimethyl -2,2,2- triol disilane was progressed as the 

starting material identically with the embodiment 1 . 

1 H NMR(500MHz/CDCI 3 ): 8 0.1 (s, Si-SiMe 3 ), 4.4(s, Si-OH) ppm 

29 Si NMR(99.3MHz/CDCI 3 ): 8 -32(s, Si-Me) ppm 

GPC(PSt): Mn=490, Mw/Mn = 1 .01 

Embodiment 5: the light reaction Holotrichia of the compound (poly (trimethyl silyl) silsesquioxane) of the 
chemical formula 1 . 
(R 1 = trimethyl silyl). 

While tempestuously mixing after melting the cyclic tetra (trimethyl silyl) silsesquioxane 5g obtained in the 
embodiment 4 in the cyclohexane 20ml, it exposed to the low temperature mercury lamp with 3 minutes a liver. 
After filtering the precipitate which agitated after the reaction for the half an hour after dipping at the methanol 
of the excess of quantity and was generated, the reaction product (yield : 97%) of the white powder was 
obtained. In 3°C the reaction product, it used as the analyte sample after drying to the nitrogen gas. This result 
was analyzed. In that way it could know that the poly (the trimethyl silyl) silsesquioxane (R 1 = trimethyl silyl) in 
which the reaction product was the compound of the chemical formula 1 was obtained. 
1 H NMR(500MHz/CDCI 3 ): 8 -0.1~0.4(s, Si-SiMe 3 ) 
29 Si NMR(99.3MHz/CDCI 3 ): 8 -62.4 ~ -68.0(m, Si-Me) ppm 

Embodiment 6: the condensation polymerization Holotrichia (R of the compound (poly (trimethyl silyl) 
silsesquioxane) of the chemical formula 1.1= trimethyl silyl). 

Except instead of using the obtained cyclic trimethyl silyl in the embodiment 4 with the cyclic tetraphenyl 
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silsesquioxane of the embodiment 3, it polycondensed like the embodiment 3 and the reaction product (yield : 
98%) of the white powder was obtained. 
GPC(PSt): Mn=36,000, Mw/Mn=1.4 

1 H NMR(500MHz/CDCI 3 ): 8 -0.8 ~ 0.4(s, Si-SiMe 3 ) ppm 

Embodiment 7: the Holotrichia (R of the compound of the chemical formula 2. 1 The = phenyl, and R. 3 = 
methyl). 

After installing the reflux condenser, and 20ml / 300ml dropping funnel and Dean-Stark tube in the round with 4 
1000ml bottom flask, it dried with flame in the nitrogen atmosphere. After the cyclic tetraphenyl silsesquioxane 
50g obtained from the embodiment 1 was put in a flask and the toluene of 38Om0 was put and it dissolved, it 
reacted in the room temperature while slowly making the dichloro dimethylsilane 46g through the dropping funnel 
with dropping. After a reactor being lowered to 3C after 4 times response and dipping the second distilled water 
250ml among the reaction solution, it hydrolyzed with 1 for hour. The KOH 5mg which was the polymerization 
catalyst was put. Subsequently it reacted at the reflux temperature of the toluene for 38 hours. It dipped at the 
methanol of the excess of quantity after the reaction. The precipitate which agitated for the half an hour and 
which was generated was filtered and the reaction product (yield : 96%) of the white powder was obtained. 
GPC(PSt): Mn=42,000, Mw/Mn=1 .37 

1 H NMR(500MHz/CDCI 3 ): 8 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.86(s, Sl-Ph) ppm 
29 Si NMR(99.3MHz/CDCI 3 ): 6 -54.8(Me-T 2 ), -80.7(s, Ph-T 3 ) ppm 

Embodiment 8: the Holotrichia (R of the compound of the chemical formula 3. 1 The = phenyl, and R. 3 = 
methyl). 

After installing the reflux condenser, and 20ml / 300ml dropping funnel and Dean-Stark tube in the round with 4 
1000ml bottom flask, it dried with flame in the nitrogen atmosphere. While slowly making the 
trichloromethylsilane 54g through the dropping funnel with dropping after the cyclic tetraphenyl silsesquioxane 
50g obtained from the embodiment 1 being put in a flask and the toluene of 380m£ being put and dissolving, it 
reacted in the room temperature. After hydrolyzing with 1 for hour after a reactor being lowered to 3C after 1 
hour reaction and dipping the second distilled water 250ml among the reaction solution, the KOH 5mg which 
was the polymerization catalyst was put and subsequently it reacted at the reflux temperature of the toluene for 
38 hours. It dipped at the methanol of the excess of quantity after the reaction. After the precipitate which 
agitated for the half an hour and which was generated was filtered, the reaction product (yield : 98%) of the 
white powder was obtained. In 150°C the reaction product of the white powder, 4 Torr, it used as the analyte 
sample after 1 hour thermal curing. 
GPC(PSt): Mn=42,000, Mw/Mn=1.37 

1 H NMR(500MHz/CDCI 3 ): 6 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.86(s, Si-Ph) ppm 

IR(KBr): 3080~2940(CH), 1600, 1435, 1120(Si-Ph). 1050, 1150 (O-Si), 750, 700(Ph), 1275, 800(Si-Me)cm -1 

29 Si NMR(99.3MHz/CDCI 3 ): 6-56(Me-T 2 ), -64.6 (s, Me-T 3 ), -80.7(s, Ph-T 3 ) ppm 

Embodiment 9: the Holotrichia (R of the compound of the chemical formula 2. 1 The = phenyl, and R. 3 = 

methyl). 

It dried with flame in the nitrogen atmosphere the reflux condenser, and 100ml dropping funnel and Dean-Stark 
tube were installed in the round with 4 500ml bottom flask. After the cyclic tetraphenyl silsesquioxane 50g 
obtained from the embodiment 1 was put in a flask and the toluene of 380m2 was put and it dissolved and the 
HCI 0.5ml was added to the reaction catalyst. In the reflux temperature of the toluene the reaction solution after 
the reaction, it more reacted for 72 hours. It dipped at the methanol of the excess of quantity after the reaction. 
GPC(PSt): Mn=28,000, Mw/Mn=1.62 

1 H NMR(500MHz/CDCI 3 ): 6 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.8 (s, Si-Ph) ppm 
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29 Si NMR(99.3MHz/CDCI 3 ): 8 -54.0(Me-T 2 ), -79.4{s, Ph-T 3 ) ppm 

Embodiment 10: the Holotrichia (R of the compound of the chemical formula 3. 1 The = phenyl, and R. 3 = 
methyl). 

After installing the reflux condenser, and 100ml dropping funnel and Dean-Stark tube in the round with 4 500ml 
bottom flask, it dried with flame in the nitrogen atmosphere. While slowly making the trimethoxy methylsilane 
54g through the dropping funnel with dropping after the cyclic tetraphenyl silsesquioxane 50g obtained from the 
embodiment 1 being put in a flask and the toluene of 380m« being put and dissolving and adding the HCI 
0.75ml to the reaction catalyst, it reacted in the room temperature with 38 hour. In the reflux temperature of the 
toluene the reaction solution after the reaction, it more reacted for 72 hours. It dipped at the methanol of the 
excess of quantity after the reaction. The precipitate which agitated for the half an hour and which was 
generated was filtered and the reaction product (the yield : 84%) of the white powder was obtained. 
In 150°C the reaction product of the white powder, 4 Torr, it used as the analyte sample after 1 hour thermal 
curing. 

GPC(PSt): Mn=22,000, Mw/Mn=1.78 

1 H NMR(500MHz/CDCI 3 ): 8 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.86(s, Si-Ph) ppm 

29 Si NMR(99.3MHz/CDCI 3 ): 8 -54(Me-T 2 ), -62.6 (s, Me-T 3 ), -79.7(s, Ph-T 3 ) ppm 

^o\\x-\ so|x| o|o| g-gom j*si3?g?ioii 7Wa ^ ^gsi nmm sish 



According to the present invention described in the above, firstly after the organosilane triol being reacted and 
obtaining the cyclic tetra organo silsesquioxane that is a precursor to the polyorganosilsesquioxane 
condensating the oligomer hydrolyzing the hitherto tree chlorosilane or the triethoxysilane and is obtained with 
heating and is obtained, this is poly-condensed and a polyorganosilsesquioxane is obtained. Therefore, the high 
regularity ladder polymer can be synthesized due to the structural feature of the cyclic tetra organo 
silsesquioxane that is the repeat unit structure. 

In this way, since forming readily the high systematic siloxane bond (Si-O-Si) and ladder structure in PMMA, the 
high thermal resistance can be maintained. And the thermal budget is unnecessary because of lowering the 
existence ratio of the hydroxyl group reciprocity liver or the Defect structure. Various the functionality side chain 
(the photosensitive group, the alkyl reactive group etc) of introductions are possible. And it makes especially, 
the molecular design of the physical property change of the polymer according to the introduction side chain 
rate (for example, the rate difference of the phenyl radical / methyl radical) composition and the new polymer 
possible. It constants, the terminal-silanol group can be arranged in the polymer end. It has the advantage of 
the volume of introduction adjustment of the organic polymer of the organic or the inorganic 
hybridmanufacturing being possible and manufacturing readily the organic or the inorganic copolymers. 
Particularly, the polyorganosilsesquioxane manufactured in the present invention according to the method for 
providing does the molecular structure which is unique over 90% with the containing (the number -r (the number 
of hydroxyl group + terminal-silanol groups) X 100 of the R-SiO 3/2) one about the siloxane bond (Si-O-Si) and 
the upright ladder structure (R-SiO 3/2) than the polyorganosilsesquioxane which the conventional method is 
manufactured with the conventional method in the main chain. Therefore the solubility about the general organic 
solvent is high. It shows the excellent heat resistance (over the pyrolysis starting temperature is 500 °C), a 
weatherproof, the low surface tension, the optical clarity, the low dielectric constant (less than 3.0) and the low 
absorption rate, the gap filling capability etc. Excellent. Moreover, the commercial application which gives the 
characteristic by the different side chain introduction as to the wide range industry material while having the 
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characteristic of being excellent with a metal, for example, the adhesive property, the electrically insulating, a 
hydrophobic, the drug resistance, a transparency etc about the glass including an aluminium, a copper, the 
titanium etc. is possible. For several uses, the UV hardened resin and silane compound are widely used of the 
poly organo silsesquioxane manufactured according to the present invention. But the glass resin is widely used 
in a part. It has a polycarbonate, the acrylic resin, and the diethylglycol bisalkyl carbonate (the product name is 
"CR-39") as a meterial. And it can use as the use in the glass pane of the plastic, the sunglass, the safety 
goggles, a dashboard, the lamp for automobile, an aircraft, the bulletproof glass etc. Moreover, it can be the 
lens of glasses used as the glass resin through the purpose of heat-treating. 

Moreover, according to the present invention, the obtained polyorganosilsesquioxane is suitable for the 
electronics relation use the obtained polyorganosilsesquioxane is excellent in the planarization effect of the 
electrically insulating, the heat resistance, low absorbent, the SOG (spin-on glass) solution etc. For example, it 
is the generality material which can be the protection coating film of the thin film, the interlayer insulating film of 
the LSI multilayer wiring, and the low-K dielectric used for the dielectric layer material (low dielectric material), 
the multi-layered insulating layer, the liquid crystal display insulating layer etc. In the meantime, recently, a 
problem generated around the crack the film thickness of the coating film molding inevitably, perforce thicks an 
interval between the wiring as to ***, is considerably narrow is indicated. This kind of the crack phenomenon 
has the generated shrinkage stress, and the advantage it is known that it is caused by 2) hardened film and al 
line, and the difference of the thermal stress by the difference of the coefficient of thermal expansion with the 
silicon wafer (silicone wafer) and the difference have, and as to the present invention, the presence rate of -OH 
(inter-hydroxy) within the high molecular structure is low, and of solving the conventional problem by blocking 
that the reaction at the end occurs. By introducing the bind introduction, and a polymer, especially, a polyimide, 
a polyamide, PMMA, a polyacryl etc the silanol end among the silylation, and 2 this kind of the crack 
phenomenon mutually condensates 1) hydroxy and inter-hydroxy group or the terminal-silanol group. 
Moreover, the polyorganosilsesquioxane manufactured according to the present invention dissolves at the 
various solvent. It forms readily the thin film. It has the high gradient on the thermal curing. And the thin film 
forming in which a transparency is good is possible. Therefore it can enhance the long period reliability of the 
optical fiber by producing with the insanity knuckle organic polymer. Moreover, it can use as the material 
forming the coating layer on the surface of the register. Therefore, it can apply to the electrical material. 
And it can use in the molded plastic including the urethane RIM (Reactive Injection Molding) etc. as the metal 
release agent. Moreover, it can be used as the vial in manufacture release agent. Additionally, the provided 
polyorganosilsesquioxane is mixed in the present invention with RTV and it can use as the tile adhesive of the 
space shuttle. And it can use as the solidarity of the optical fiber. And the outside coating and heat-proof of the 
space shuttle, and the characteristic like an anti-corrosive are brought out and the characteristic can be used to 
the heat-resisting paint. In the above, as to the end product which the enumerated present invention provides, 
and then, the scope of application will be expanded with the power generation of the ultramodern technology 
field. Therefore, the power generation is not restricted to the above-described use. And it is unlimited, the 
expansion of the use will do. 
Scope of Claims 



Claim 1 : 

The compound of the following chemical formula 2. 

(among an equation, the hydrogen, the substitution of 30 through the carbon atom number 1 or 
the non-substituted aliphatic hydrocarbon group, the substitution of 30 through the carbon atom 
number 1 or the non-substituted aromatic hydrocarbon group, the substitution of 30 through the 
carbon atom number 1 or the non-substituted alicyclic hydrocarbon group, the substitution of 30 
through the carbon atom number 1 or the non-substituted silyl group, the substitution of 30 
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through the carbon atom number 1 or the non-substituted allyl group, and the substitution of 30 
through the carbon atom number 1 or the acyl radical, vinyl group, amine radical, acetate or the 
non-substituted alkali metal are independently shown R 1 and R 3. And a I shows the fixed 
number of 300,000 which is the drainage of 2 through 2. A m and n show the fixed number of 
300,000 through 2) 
Claim 2 : 

The compound of the chemical formula 2 of claim 1 , wherein R 1 and R 3 independently show 
the hydrogen, the methyl radical, the phenyl radical, the vinyl group or the trimethylsilyl; a I 
shows the fixed number of 100,000 which is the drainage of 2 through 1 ,000; and a m and n are 
100,000 through 1 ,000. 
Claim 3 : 

The manufacturing method of the compound of the chemical formula 2 wherein the compound 
of the chemical formula 2 is manufactured to poly-condense the compound of the compound of 
the compound of the following chemical formula 4 and following chemical formula 6 or the 
chemical formula 7 in the organic solvent. 

(among an equation, the hydrogen, the substitution of 30 through the carbon atom number 1 or 
the non-substituted aliphatic hydrocarbon group, the substitution of 30 through the carbon atom 
number 1 or the non-substituted aromatic hydrocarbon group, the substitution of 30 through the 
carbon atom number 1 or the non-substituted alicyclic hydrocarbon group, the substitution of 30 
through the carbon atom number 1 or the non-substituted silyl group, the substitution of 30 
through the carbon atom number 1 or the non-substituted allyl group, and the substitution of 30 
through the carbon atom number 1 or the acyl radical, vinyl group, amine radical, acetate or the 
non-substituted alkali metal are independently shown R 1 and R 3. And the hydrogen, methyl, 
acetate, sodium or the potassium is shown R 2. X shows the halogen. And a I shows the fixed 
number of 300,000 which is the drainage of 2 through 2. A m and n show the fixed number of 
300,000 through 2) 
Claim 4 : 

A polycondensation as to claim 3, is the Pyrognostic reaction, the optical irradiation reaction, 
and the microwave irradiance response or the manufacturing method which is one selected 
between the electron beam irradiation reaction. 
Claim 5 : 

The manufacturing method of claim 3, wherein the used amount of the compound of the 
chemical formula 4 is 300 parts by weight through 5 about the organic solvent 100. 
Claim 6 : 

The method of claim 3, wherein it is additionally performed under the polycondensation reaction 
catalyst presence. 
Claim 7 : 

The manufacturing method which is one or more materials selected from the group of claim 6, 
wherein it is made of the polycondensation reaction catalyst is the naOH, the potassium 
hydroxide, the cesium hydroxide, a triethylamine, a diethylenetriamine, the meta- butyl amine, 
— dimethylamine ethanol it sells, a triethanolammine, and 4 class ammonium salts or a 
fluoride. 
Claim 8 : 

The manufacturing method of claim 6, wherein the used amount of the polycondensation 
- 11 - 



reaction catalyst is the range of 5 parts by weight through 0.001 about the compound part per 
hundred resin of the chemical formula 4. 
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^ 9X^. 

#2fl <£2)Z\ Xlfe -fM £fe ^7] *H ti bJ= i^fl fe tq-ojrg^l J^tA -8-71 H^2}- Jj^l H^RVS} <g 

^&°\] oil- ^ 7H V ^^ol Sife ?M Jlifll^ Hg-7l-2j f?]£57}t|^i^^ (pol 
yorganosilsesquioxane)^: # SU 1 ^. 

#3^ = 7}i^l^^--i}-£- tie|-£ s-o] a s v 5 sj. iAm.Chem.Soc ., 82, 6194(1960)] «IM ^-g- Ht%$. °131 
^H]ino] (Owens Illinois)^ l5ll^E<GelestHH <^+-z]}£\ 'SST-3l3j'<>l £ c-lf-o.^ ##S?-£|& 

nem- fi]i27}k-i^|i^i^ %H V ^! 44e) $ (ladder form) 7)<&t}7] nfl^ 

^f45]^ 72:» 3^3r7l 3£ 7fl^ ZL ^ W<J-«H ^ g^7 r 4^ # 

-H£-7 r (Mn£- 20,000 vflX| 30,000 n. ^W5H(Mn/Mw)n 3 iflX| 5 ^£)» 7i|2^- 7 

^ HBjfSSlM °l-8-*H #5l^=-7l-^^^fl^-^ ^flSsfe^^ Hj-^i ^Sfl #^^7]S $4. 
SS^^t 7K^flt nfl, 7}ttsW ^ v ^-g-°l ^H^Mn^r 1,000 ifl*| 2,000, PDI 

fe 2 iflXJ 5<g)7> ^^a^l ^^-H5]#(silanetriol)^ <>Ki, 4^3. x}<8=tr ^» 7}*H, o]!- oj-g-sH al£*r 
3-f i £*KH *>6lE.s.A]7l7> $7flf-AS#] 2 5fl£]fe ^ ^f-(inter-hydroxy group) ^ <9 

33<?1 7^1 *l«H 3^3joj oj-s. ^3 tg^o] -g-oi§i-7i afls-cfl 4^-3]- 7Mji sa-S-^l Ml^ 

*| $£4. a 1) Jl^T^ ^2 ^<H7f £7r**M, 2) « ^7>^=2l JL^m 

7}°)^JL, 3) IL^7.}7} ^^-g- ^ Tfl £) ^ -g- nfl ^ tfl ^ -g-sflA^ ^jSM^H, 4) #&1 ^*>fe ^ 

§^ ^^1 3*H ^^7>2l ifl^, 7^1 31 ^dl <*<$^ ^ 

H«L> HellHsH^^ ol-g-SH #5l^H7l-^^l^^# ^|23rfe- ^EflSl ^-f £, -S-71 E2]t^ 

^4 7K^*IHah8- ^ #1#^1 ^-^lsf^fe 3-71S AJ^ ^^1- ^ £ lfl«-o|l §>0l^ 

^Al nf-ol ^7fl^-A^.Ml 22flElfe ^Jinl^ ^7f^f- ^ nf^) $7flo)l r}^4 ^ ^ o^-g- 

^ 1) f27} ofu] 7M^ 2 o 1 j!^7f A^sjt^, 2 ) A>-g-§ffe ^DflSl Ala. ^ aV^-g-nflSl tiV^-g- 

tfBSl P H21 2^61 n 3) <Hi^ ^£ 3*>^^^1 D ^72:» 3-S*H °H 

Aj-7l«!- ti^ ^61, f-5l^H7l-iil^A-)1^4A].6|| tfltr 4714^ Tsltfl^ CflSV £^7} 7>1^3l O.S. ©1^ 

^O.U}, t7fl^] ofl ^ tfl 7fl^^, ^21 61^6)1 ifl 

«■ 37* **H y l-sfe ^ W*MH n fl-f 4^- ¥S 71H71- #^*1 ^^^t;^! 

«7fl Al^E|j7 ofl^rfl AJ.=^ #2fli efl^, Hlol^ 34 ^JE AJ-^^- A)i7flS.Al ol-g.^ 

^ safe ^ ^1^^ ^-g-^-cfl <a^?v *Mis sa^-. 

€711 -B-71 £^ ^-71 *M « 5lH 7flS» ol-g-^ A}.oj.g. Al^^fl i^>SAi 21 ^o]o> f - 2 tflAl 3 ^£2] 7.^^ 

^^r, ll:^7llAl^£7} 400°C <t^^, ^^m^r, -f^r^r ^ ^ ¥^(gap fi 

lling capability) ^ «8=3:'& ^Nfe 

<^el 7flAi^7l ^ t^Al-l-oH o]^ #« s v#^^ cf<8=$r ^>^= ^ 7S« ^5l^^7> 

Jl^£2l ^7>^^SBl#^ ^Efl2] ^Hj-^ ^ ^ £££ Jl^^/^^^ #51^1^ 

rLSiq- ^4 -f^tv 5>fe #eli=7>t^^l^^Aj.6ii rfltJ- ^AAj^- <^^«) #o> sftrq-. 

t^^l ^l^iAl- SHr 71^21 sfTllfe 1) #1^ 6 1 ?>^SU, 2) ^ ^£ 2^«1 -g-olsH, 3 ) <&^<q is}o] 

$X|*>al, 4) il^-7>2l O.S. R-SiO 3/2 21 S.<Q6\ 7>^*H, 5) 7}mL 

^^-21 72, s.S] 7>H^^-2l 7>a ^£ -g-ol^Tfl ^ Jfti, 6) Jl^-A^ 1^ Sr^J- 

-§-«>l ^*l7l7l ^nmn-m &°}*}7l} ^ 7 $XSL*\, 7) H^7l- #^ifl«fl £4HJ-3 a7l» ^ Sfe 
^> H^^l ^-^lSU, 8) H^AHl S7l^ « 4^*V 1H3# T Sflfe- ^HS^ ?17^l2l 7fl ^ S 

7]l2«o^2l 7Hto)l 2lSfl -f^SV #Aj^- 7Mfe AflS^ 3^71 i^7H ^"tr 3! 6 1^ 

iWHfe ^71 71^31 ^§f7l ^ i?)°tL7}±m±3\^ S ^ »12H^# T^Rr 

^21 ^AS^. 

Aj-71 a. « s v^ ^ a^^. sM*>7l fl«fl ^i^i Tll^Sl-fe #51^271-^^1^^^- Sf7l SI-SHI 1, 2 £fe 321 



-2- 



mmmo\ 10-0444379 



-^i-O— Si-O- -H 

? ? 
HO-f- Si-O-Si-O- -H 



m, R ! £ ^^1-^ 1 3021 £±r Hl*M£ X]h o VS ^Sf^7l, ^i^^H- 1 ifl*l 302) 

*1 302] *1£ «]*]«;£ ^«7l, ^i^Hr 1 302] lEfe ?>l7l, 1 ifl*l 302] 

Sfe °HJ7l, y]^7], 4^71, oj-^H e afe 9>^e]^-## q-El-^iL, n £r 2 ifl*| 300,0002] %<^6\ 

4.) 




2 



R a £ #71 ^2]*V 44 £0.4 R 3 Aj- 7 ] R x 6)) 4^ ^4 ^ j£ go] ^o] 2 iflx] 300,0002] ^ 

^H, m S n£ 2 vH^l 300,0002] 3t°14.) 




3 



(m, R x , R 3 , 1, m « n£ #71 3 <i|# 44 £4.) 

#7] #«H] 1, 2 £fe 32] 2]§V *>7l 3**H1 42] A]#^]E^H7}}^lif)4^H 

41W>4. 




(3 R ! £ #7] 3 5] # 42]- £4.) 

£ t V ^2] #5]^2 7]-^^l^^|4A>^- ^l^S]-7l ^^1^1 #7] *|-eH 42] Al^^E^^^Aj^^ 

#2] afla^U^- S]-7l HJ^-A] 14 ^-4. 
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A 1 




£fe 3H 7>^§>4. ^71 ti}-§-61] oij^fl #7] SJ-*H 42} 0]^o)l£ 40^ 

S?W>1 2<>l*l*m HPLC, TMHf-21 ^Sl s. £3, 3*H*M ^££2} 4^#^ ^ &4. 

^7} tij-g-i Af-g-Slfe f^O £ A}-g-£j^ -fM"^^ Ji-lf SV O^S., ^fl, n -^AJ. 

, THF afe °1]^S 4^3)^. 

#7] ti}-g-o)l A>-§-5]fe ^nfl^ NaOH, KOH, NaHCO 3 iE^r TXXXl,3-t\X[^s.^^t\c>]Ti\B.) ^} 4^-a|Sj-4. 
^7] ti]-§-^ H]~g-£-; £ ir 3 - 100 °C7} tif^sj-ZL, tiV-g-ARKg- 1 ~ 200^1 4^44. 

go] <»*\& JJ-«H 42] ^#331^2^57^4^4^ A>-g-SM §1-71 «}-§-*1 221 «V-g-#*Sll 
^#<?1 §1-71 1, 2 Sfe 321 ^5]^2 7}t^^l^^^# ^ Sftrq-. 



•: :; s 2 




3 



R 1 , R 3 . 1. m % n£ W 44 £0.4 R 2 ^, ^, e, 4*=f- £fe ^f-# i+Ej-xfl 

H, Xfe ts^l^r 4^4) 

#7] #-2-^1 2i 44*fl 44 ^-ol #^*ll3Al °io]£ ^si-Ai 40) gj-^o] Al#q 31^^571-^4^4^ ^ 
^ JLS -FM-g-nfl ifloflA-l #^Al^ O^S.^ JfrtJ^j 1, 2 £fe 321 ^5l^S 7 ]-^4^4Aj r ^. OJ a. + o}^ 

^7} 221 (A), (B) afe (O f^A^lfe flt> aflfhg- &A4, 7^, ^sa}, ^aH^a} £ 

nHas424 ^-21 4<£sv oi-g-^ ^ jao.4, ^«fl» AR-t nsM e 2fe 7}¥§1-4 

^"71 ti]-g-^1 2^1 421 Sj-^#£ -JM-g-ifl lOO^^ tf|*H 5 iflX| 300#^, «HWMfer 10 ifl 

*1 lOOf^^M ^flefl^ A>-g-4fe 5} Ol 4^44. AJ-7] 44A) 46) ^kg-O} A^o] 5 ^^« v\Q6\# 
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&&°] *M83*I #<L*\, 300^4» *8- ^7} "gO^ ^ $W gj-^l 

^4.^71 aV-§-Ai 2 o] (A)> (B) afe (c) -g.^ s^Al7l7l 2}Sfl Al~g-S}fe S^Mfe <^ 3 o.^ 

ol w>^-2)*>^lfe ^si-q-Hf-, *H+SMI£ f-s] imel^^W, ^eH!^, t|<flia 

3^51 SH} 0^2] A>-g-g>fe ti^^t}-. o]e]sJ. ^tiJ-§-^- fltb ^7] ^nfl^ sl-SVAl 40] 10Q 

cD§H 0.001 ^1*1 5fW, tfHWWfe 0.001 ifl^l l^S^ 3fl3.AB-*Hr 30] n}^z\t}t]; 
%7] tiJ-g-Ai 2 2] #-2-0)) Af-g-sjfe o. 7 ]^- D i]^fe &^-4, THF, « #5.3.^, 3^*3, MIBK, D 

MF, NMP, l,4-t]^h DMAc, <^H1S- Sfe 1^4 ^ %o) ts>^-^ s>cf . 

«J--g-Ai 2 o,] Ai A ]_g.^ (A)i ( B ) afe ( C ) ^2] tiJ-g-^jE^ 50 iflx] 350°C2] ^°H, i 0 0 ifl*| 

lSOr^ll^ «]-g-3l-fe ^jo] tif^-ZlSM, Olttfl ^Sj-fe ti>g. A]#£. Al-g-Sl-^ ^^<>Hfe 1 lfl*| 50ARI-3 

<*IH S^5>^ ti^Sl-Jl, Sgrfe ^-fo|l fe 100 tflA] 350°C 2] ^^oflAi 1 iflx] 30^ # lV^-A]7lfe 

%o) yj-^Sj-^. ^-7] ^£c,] n)g-Sf7m- <>1«- 245fe °Hfe *Ht^ #-§"2} Jl#o] ^^jo] o] 

¥<>1*1*1 &fe£*11^1 XI 4. 

2t> #7l f^tf tiJ-§-^ 3*V Sf^K 1 45] ^#21 £JE7} 90»ol#S! ^^lfe ^1 Jl£v* 
^2] 03^-^4. 

iCf Aj-7] Hj--g-Al 25] 4 A^S^ 4#4 £4. 

-S-71 aj~g-A] 22} ^ (A)fe 3^A] 45} 5}-^#^ 4^ ^7># 8W ^tg-^JLiiL*) <& *}^X\^ 
§H 4>7l S^A] 12] ^ $£4. 

-*7l ti}-g-^| 22] ^ (B)fe #^ll<?] s}-SH 42] 3J-##3l. Sf^H 62] 5)-^-i-2j (R 2 O) 2 Si(R 3 ) 2 SEfe Sj-SH 
72] X 2 Si(R 3 ) 2 » ^^]S.Ai 42] ^1-2] *]^A]7]2]- s]-^ 62] S)-^2] 2>s 

A] 7] 5^1-A] 70] ^ #2 ] X7} ^gj-Al 2°] ^ ^c]._ S.g] tiV-e-l-SAi S|-S]-A] 6 o] 

Aj-g-Sfe ^^ife ^^^Dfl^Ai o^^^^^ Af-g-Sj-fe ^O] W^2)5]-C)-. 

^7] tijr-g-^] 22] -g-^ (C)fe 5}-4H] 42] 5^^-1-3]- 5J-S1-A] 8 o^ s^v-l-oi (R 2 O) 3 SiR 3 afe 72] 

^ V #?l X 3 SiR 3 ^A]7lfe ^^l^.Ai 5]-«]-A] 40] 3)-^-=.^ ^c^.^7]^ ^j.^ g2 ] oj-a. A ] 7 ] £ ^ ^V^l g 
2] X7} ^71 2?-^ 32] ^ ^} tiV^-l-SAi ^SVA] go] ^V # ^. A} ^. § ]. fe 7^^6)1^ 

^^ V #^SAi ^ej^^AV^^Af-i-sfe ti]-^S>C]-.^ ^o)]A^ ^l^§|-fe^-7) ^tj-A] 1 Iflx] 3AS 

aA]£]fe ^^.2.71-t^^ifj^-^ til- ^-71-8-nfldl] t\\Z% -%r^-$r gjl &0\ ^^\, 7.\<£®, $\®, f£S 

f-2] &$fr±%-, ^jsHm €-^^^^^2] ^^i^-, THF, l,4-^]^<Lh clIH^S, 

#2] o)]Efl e^-, ^l^l^g-, ufl^ofl^ 5^ S-O] t,]^ 0)1^^-2]- ^iifO}D]£ ^ 

-H-71-g-nflofl 7>-g-o]4. 

^ t^^A] A}^-S]fe R ^JRj 0]B} fe -g-O]^ Z]-^ &±#7fr 1 t}]x] 302] *\Q Hfe 

^^ri7l, ^rdi^^ 1 ifl^l 302^ ^1^- Sfe yl^l^ ^-^i7l, ^i€Al-^ 1 m 3021 

£fe 1^2]-^i7l, 1 lfl*l 302? H]^l^ ^^7l, fJ-i^Aj-^ 1 iflA] 3021 ^ 

afe yi^m^ $>i7i, ^€7]-^ 1 mi*i 3021 afe h]*ij&3 6 >^7i, «m 7i, o>^ 7 i, o>^^6i s sfe *j. 

^5l^## M-El-vllJl, HfeJ-^Tfl^ ^i, ^^71, 011^7] Sfe SS^l #2] A-]^- 2>^7], 5f|^7], ^7}, fSS^ 

^7l, um7l, ?l-s4^7l, i=5Hi^!7], oH1^1°1h, ^-f- ^ q-Ei-MH, ^4 af^-aleMlfe ^i, 

71, ^^71, H]^7l, ^ q-Bhfll}. 

o1*K ^^§1-71 2]sfl ^aHU- 1-01 *4^t}7]5i. «.vq. nem, ^- ^o,] ^ ^a]^s.^. o]^ 

7M 4« ^Efl^ ^ 5ao.^ f ^. ^21 tij o] 7> o^^lAi ^§>fe -gAHl-ofl SH^fe gp^ElolAlAi 

& ^^4. £ t^2l ^Al^l-^ ^-^^HlAi Ji^o] A]A]^ 7^ xH7l ] ^. ^xg^. lit]- ££S>7ll ^^«f7l ^5HAi 

4iAH l: 45] ^l-^m^^lS^^^Afl^fl^Aj.)*] ^ (r j =^]^) 

250ml afel- te}iEl aH jati} ^]^. ^, f-af a] 7]^ ^asf^c]-. 

He]#(PST) 25g4 #nflo] ^^i}E f 1.25g* 80ml2l f-S.S5f-i ^Mll ^4 AflTlsU, ^ 

1/25L ^Al^4. fSSIf -g-^^- °§*1- lO'CoflAi 37M^ ^M^A]7l ^^^sv ^ ^^o] A ] 

l-^Bimel-sll^^]^^^: 88%) ^. <*$Tq-.<£ol3l zi^-z- 10TC°11A1 4aR> &^a] g. 

s aB-s]-53t1. 

l H NMR(500MHz/CDCl 3 ): 6 7.11~7.8(m, Si-Ph), 2.2~2.8(s, Si-OH) ppm 
IR(KBr): 3600~3200(Si-OH), 3080~2940(CH), 1435(Si-Ph), 1050(O-Si-Ph), 
1150(O-Si), 750, 700(Ph) cm -1 

29 Si NMR(99.3MHz/CDCl 3 ): 6 -64.1ppm (Ph-T 2 (OH) x ) 

GPC(PSt): Mn=640, Mw/Mn=1.0 

XRD: 29 =5.71, 7.77(Si-0), 19.52, 18.12(Si-Ph) 

^aH 2: Ai#^^Ee].^^^| if | 4a>2] ^ ^ 

Aj- 7 ] ^AHl lc)]Ai ^Ol^l Al#^El]S5l-5|1^^^1^^2l ^» ^o]S>7l ^1 1> 4^ ^^1 ^§1] 7l^S>7lS 
4. 

50ml a^ ^51-^3 °11 20ml 371- £ifl7l* 2i^*> ^ 1^71 ^« ^-3]-Al7l^Ai ?iS3}^4. °H 

Ai ^AHl Al^EflE^^^^^^AVo.SSgl-^Sl-Al-Olss.^ 10ml o)] ^-sflSV^^DflNCCH 2 
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CH 3 ) 3 0.17g£ ^ IaRV SL#*\%&. lOmls) AHt^i (CH 3 ) 3 SiCl 0.13g^ -g-*1R *, 

AMt^# ^ ?i£Al^ ti]--g- Ag^^ 03034 

1 H NMR(500MHz/CDCl 3 ): 6 7.11~7.8(m, Si-C 6 H 5 ), 0.2(s, (CH 3 ) 3 -Si) ppm 
(Ph/Me 3 ratio; 35.8/19.2 = 5/9 ) 

29 Si NMR(99.3MHz/CDCl 3 ): 6 -37(s, Si-(CH 3 ) 3 ), -83(s, Ph-T 3 ) ppm 
3: m$ 1^1 ^#(£*W^^fl4#)5) 4&(R j 

50ml 43" #2f^Hi £-^4^ ^-J±« ^ ^i^-^7l ^AH a] 

#^3lJ=BM^4^4#5g4 5.0mg3 ^av^^s a^a.^ ^2 38m^ f-^-§- ^ ^]t^^ 
^il^^g- -8-gfl§|-^4. ^a] f-^og^ -g-SoflAi 38*12 HV-g-Al^^. h} -g- :f , ^ 

£4) ^7R ^ 30& ^tf aiVtM ^3 3 W§- °} 4$ «J~g-^#(^§r: 98%)^- <9$M. 

^^■S-S- 50°C°11a1 10*12 Wd^^M ^a]h S Al-s-s)-^^. 
1 H NMR(500MHz/CDCl 3 ): 6 7.11~7.8(s, Si-Ph) ppm 
IR(KBr): 3080~2940(CH), 1435(Si-Ph), 1050(O-Si-Ph), 1150(C-Si), 
750, 700(Ph)cm -1 

29 Si NMR(99.3MHz/CDCl 3 ): 6 -83.7ppm 

XRD: 29 =5.71, 7.96(Si-0), 24.87, 22.69, 19.52, 18.12(Si-Ph) 

^*h 4: mq 4^1 *ww«*i«iHaK£2|ii«w<tiA|>.fl4^ h[3l(r 1 -sen***) 

#1J#£S*1 l,l,l-Hemil-2,2,2-Hel# 2l|^2H2l-gr tflAl a}-^ afl-qsKafe- ^aH 14 

1 H NMR(500MHz/CDCl 3 ): 6 O.Ks, Si-SiMe 3 ), 4.4(s, Si-OH) ppm 
29 Si NMR(99.3MHz/CDCl 3 ): 6 -32(s, Si-Me) ppm 
GPC(PSt): Mn=490, Mw/Mn = 1.01 

*>H 5: 13 ^4 * 2 

4J*H 4«1M £<>12 Al#^EflE^(Ee ]D i|^^ 1 )^^^^A>5 g ^ AM §^Aj.20mH ^-<a ^ AWn aijUl 
?12a1 ^f-i 3-&2 in#A]^^. tij-i- °M^°ll 37R ^ 30£ ^-2 stiVsM ^2 H21-# 

«J!AJ} «JA 97%) o. OJO^^] 2"§- *$^-$r 3°CiA-] 7}+g. ^SAj?] ^ £AI 

Alss. Af-g-§>^4. oi3£ ^f^, *>7l 2-§- #«Hi 15] ^0.01 ^eKEejuill^l)^^ 

(R 1 =HeH^l)°l 2<Ha#* *r #$2. 
1 H NMR(500MHz/CDCl 3 ): 8 -0.1-0.4(s, Si-SiMe 3 ) 
29 Si NMR(99.3MHz/CDCl 3 ): 5 -62.4 ~ -68.0(m, Si-Me) ppm 

€aH 6: 1^1 ^#(£el(H^l^t)^ifl42)5j A3z (R i =Bmw&) 

4X\q] 35] Al^^E^^Afl^^-Aj. cflAlo)! 4*\}*\ <>M2 A^H^H^t^ A}-§-*> ^ 

JL±r ^A]^l 34 go] ti}^- AJ^ # (^^ : 98% )^- 030^ 

GPC(PSt): Mn=36,000, Mw/Mn=1.4 

1 H NMR(500MHz/CDCl 3 ): 6 -0.8 ~ 0.4(s, Si-SiMe 3 ) ppm 
^AH 7 : mq 25) ^^#51 ^]2:(R 1= J|iR 3 =^0^) 

4? 1000ml ^5- 5]!-^ ff^Ai, 20ml/300ml ^7]- ^^ 7 14 #-^3. ^ 1± 

&5)7l ^^Ai ^ Al< ^] 1011^ oj Al^eJ^lE^sd^^^^^AV 50gl . ^e).^ H 6il 380m ^ 

^l-^^^11^^46g^- 2j7}^7l»-f-§H 2j7}A]7l^A-] A|^6]|Ai a J:*^ 

4. 4ARV ^ 3C^ ^Jl ti}^-g-°-« #<^| 2*> 250ml^- ^7}*V ^ IaI^oV 7>^^g}3i > 

#^nfl^l KOH 5mg# #JL, o}o]*\ $^A± ZSL^}^ 38*}# «J-g-A]^4. aj-g- ^, ^9) p{|^ 

o]l ^ 71-Sl- Jl, 30^- ^<L> ^Jaj^ <^3i|.*H ti>-g-A|^ # (^: 96%) ^- ojc^4_ 

GPC(PSt): Mn=42,000, Mw/Mn=1.37 

l H NMR(500MHz/CDCl 3 ): 6 -0.8 ~ 0.4(s, Si-Me), -7.1 - 7.86(s, Si-Ph) ppm 
29 Si NMR(99.3MHz/CDCl 3 ): 6 -54.8(Me-T 2 )■ -80.7(s, Ph-T 3 ) ppm 
^AH 8: mq 3^) ^-^#5) ^2:0? 1= j|iR3 =pfll) 

4^ 1000ml ^5- «>^- ell-Sli ^-^t^i, 20ml/300ml ^71- ^^714 ^-^3. «: ^dt 

&^7l ^^1^ ^^4. AH lcflAi Al#^E|E2l-5fl^^4^^ 50g» ^^^cfl 380ffl«5l 

t-^<3# ^«>1 -S-^fl®}- ^ Hel€S.S.riJl^^- 54g^r *\7} #ufl7l» f-SM 37M7l^Al 

A. 1ARV ^ 3CS #o]l 2^ 250ml# ^7R> ^ 1aR>^-o> 7^5fltV ^ 

#^ n1) oi koh 5mg^- ^JL o)o]X\ f-^^oj 5l#^i gr£^Ai 38ARf ^> #^X\%^. ^g- -f, 4^ 

ofl 2l7>ol-Jl, 30^- a«lsH ^Aj£ ^^#^r ^3)-?]- ^, S-^) «}^^#(^r#: 98%)^r ^^^.^^ 1- 

^■s) 150°C, 4 Torr^Ai iaRV oj^^ ^ ^a]s5. a}-S-s1-^4. 

GPC(PSt): Mn=42,000, Mw/Mn=1.37 

1 H NMR(500MHz/CDCl 3 ): 6 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.86(s, Si-Ph) ppm 
IR(KBr): 3080~2940(CH), 1600, 1435, 1120(Si-Ph), 1050, 1150 (O-Si), 
750, 700(Ph), 1275, 800(Si-Me)cm "l 
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29 Si NMR(99.3MHz/CDCl 3 ): 6 -56(Me-T 2 ), -64.6 (s, Me-T 3 ), -80.7(s, Ph-T 3 ) ppm 
9: 23 JW«4 ^S(R r^ ; R 3 =i4m) 

4? 500ml 44 -f-^a^l el»^ $<SW, 100ml 4*11 ?1 4 3-^43. 4«-«- 4*14 ^ li&^7l 
#i4 1:* 424^4. ^ A H1 H4 9£*l#^S4^^^^#50g#t-2fc!ia«1| ^jl 380m^ 
# -g-SflsKa 4-g-^fl^ HC10.5ml» *, q B Hs.A]^^)^^^46g# a|7} ^MMSM 37} 

^44 a]-£-<>|14 38^m 4-§-4S4. 4-§- * 4-§-§-°-^ #-f-44 ^-S^H §-4 c| ^4^4. 

4"g" 4^ nfl^o)] ^7^1-Jl, 30£ ^4 ^4#4 <WM £42| ^-g^^^g-: g 

7%)# £$4. 

GPC(PSt): Mn=28,000, Mw/Mn=1.62 

1 H NMR(500MHz/CDCl 3 ): 6 -0.8 ~ 0.4(s, Si-Me), -7.1 ~ 7.8 (s, Si-Ph) ppm 
29 Si NMR(99.3MHz/CDCl 3 ): 6 -54.0(Me-T 2 ), -79.4(s, Ph-T 3 ) ppm 

10: 34 ^(r ! MIM, r 3 =pj^) 

4? 500ml 44 f-4^3°)l ^-f^ ^"34, 100ml ^7} ^7} 4 <=}-^4H flf ^a]- Jp. ^^^7] 
#<4I4 4* 4^4524. 4*H1 H4 Al^^s^^^^^^-xj. 50g » §4^eH Tgji 380m^ fJ^fl 
4 ^-^nfls HC1 0.75ml4 %7}& ^ e^oH^-aH^^ 54^ 3 7} Q^ 7 }s. ^^3) ^ 

7H?144 -M^l^i 384 # 44444. 44 4 4-§~8- < S!4 1-^314 ££°)14 7244 ^4 e| 444SI 

4. 44 444 dD^o]) ^7>*l-ji, 304 44 s«V§H 4^4 ^344 ^44^ *W 444 444 A <34(^r4 
:84%)4 £$4. 

HflAfl 150°C, 4 Torrid g^afr * 4*14^. Al~g-4^4. 

GPC(PSt): Mn=22,000, Mw/Mn=1.78 

1 H NMR(500MHz/CDCl 3 ): 6 -0.8 - 0.4(s, Si-Me), -7.1 ~ 7.86(s, Si-Ph) ppm 

29 Si NMR(99.3MHz/CDCl 3 ): 6 -54(Me-T 2 ). "62.6 (s, Me-T 3 ), -79.7(s, Ph-T 3 ) ppm 

o]^o\)x\ ^3 ^ah^oi 7flAis]^4. «^7H 4^4 4<Hl-ol 444*^4, ^lfe 44 4 4^4 

^^«l-7l 44 43<>ll4 ^0]^] o^n] SV^oiq- 4^4 1 34 0 il £ tfo^ $}i£t}7} flSfl A}-g- 

4 a £444. 

3^4 4 4^1 4-^4 *Hfl £fe S5H44444 7H i ^SHSH 2<H4fc- *^aloi# 7|-<i^ 

A]^ £0^1=. f-^^.e7>^^^^3i}- ig-e), i2.2 7>^^-E5l-g:^- -f # tiV^-A]^ ^^^1^ A]#^BflE^e 

^s7]-^4ifl^-Aj.^ ^t 2 ^ f^os *lgfl ji-ff^Aj Aj-cfe]^ Ji^m ^ ^4. 
014 ^r°l JL^-4^^ ?MI ^^AS ^^*v HJ-(Si-O-Si) ^ A>r}el^ -g-oi^i fl^Al^ ^ 
iiW^ -H-^lt 9X2-^, ^°1^^1 ^f- Zt Sfe ^f- ^S^l $7fl Hl£~§- ^# =r 5S71 1^51 
4^«>1 <A Sl^a, 4°<J=# 71^ ^41(^^71, 1^7] ^.y^ 7>^-*M, 4*1 ^M!Hli:Wl» 

#ol ^^71/^17)21 Hl^l-) 2:^6(| 3L&Z}*\ ^ % 4^ J<-£z}°) 7}^$}?]) § ^ 

ZL^T.} ^TcHI ^7l» <a^^7fl tiflojAlZl ^ ^o], -8-71 iE^r ^7l ^l 7)12:51 ^7}lL^}9\ 5L^ 

2:%o] 7}**W -8-ol*>7fl -S-71 £^ ^7] ^^"^11- 7)121- ^ 5ftfe. 7^4. 

4*1 £ tH°)H 7)1^1-^ 1421- 7fl23 #51^57^4^4^ ^Sflo^ IJJ-^ O.S 7)123 #51^27^ 

^4^^iL4 ^$°}*\] ^s-a). ^l(si-O-Si) 2 #z|# A>4el^ ^(R-SiO 3/2 )9 90% ^(R-SiO 3 

/2 °1 ^ ^ (*>olH.^-i7l + -i4^^7l2l ^)X100)?V ^Af^2» #H 5fl7l ^§-^1, <S'& ^-7l^-Dfl6)l cfl 

-8-511H71- ^ji, ifli^(^^ 7flAi^7i- sootjoi-s-), ifl^, ^ a^^j-^, ^ -H-^ 

4^(3.0 ©I *» ^ ?i^^^l^^(gap filling capability) 44^4. 5* 4* ^£<3 

^-4, <^m^ "Sr^l^, e!4^ §■ ^ -fj-ejon tflt> ^ ^7l^^^ t iflof^, 4^a^ 

V+ ^1 ^fl^ ^^fi<fl =l #2] -g-g-oi 7>^>4.^- H Jr^^l slsll ^1S3 § 
el^^l-t^^l^^Aj-oj tfo^^s.fe-uv^^^^'g^^^i-oi ^e) oi-g-siji ^uf, <a^°)lA-lfe^5lli 

Sfl^ 0 l 151 5a4. i7flS.Aife §517^1-1101^ 6 >3.^ ^Xl, Cl<^l^#e)l-Hli^7l-iVllOlE(Aj-^^ol < C 

R-39'«g)7l- 5S^, =l ^-£SAife #4^^, Aj^ei-i, t\}7}%, 7.}^}-%- fl = , W7la) ^-ei, H 0 >4^£l 

so)i A>-g-f - ^ o>7j^} Sl . #Efli Efl^l^ tAlel47l 4^AS£ Af-g-^ ^ O^rV. 

44 ^<^^1 €£1^ = 71-^^1^ 4^ 37]a|o^, ^oj AJ, 71^a^ S 0G(spin-on glass)-g-«! 

^1 5§4^- s4 f-^fl 3<>14 #4 £31 21 ^-44. <^1» l-^, ^-421 LSI 4#«fl^ ^054, 

^l-n-^# *B5.(low dielectric material), 4^^^4, E.*] ^^4 t=5. ^^-^ #1^1 

4.^ ^?°)lfe aL^34 4£^11 ^Affe tiflAi^ 7_>^ol §7] ] sjc^ oj7] ^fo]] 3^4^*83 44^7f 

1?J21^ ^^7)1 sjol 3.^*1 ^afe §7)1 ^c] ^ajEjz; j^^. ^ 3. an 1} §1^4*14 *l^-^l7l 

^Kinter-hydroxy group) Sfe ^4^ ^471 (terminal-silanol group)* ^^"4^4 lH4fe ^ -§-^4, 2 
) ^444 0 J-^nl^- ^ q 0} 5) ( s ili CO ne wafer^ ^%^^\ 4 0 H ^14 t^S) aMcfl Slsfl 7)*} 

4fe Slfecfl, £ « s vx^ o. -j^j. ^ 2 *l^s-Al7l(inter-hydroxy)2l $7fl^ol ^-o.^, ^4^ 4 

4# ^eliolAj^nyiation), 2 ^^4 jl^-a} #1 44 ^014 = , §e)oH^ ( PMMA, #e)o>Hl ^ £ 
<y4^^1 44^1421 4-S-ol ?i^4fe ^eflsi §7)1^ gfllf- ^ xife 71-44. 
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£3SH fe£ 7}*H, ^^^ol ^ HVnV tg^o] 7^>7l nfl£o)l, #7^ i£44 $ 

HBlal -f3]4 RIM(Reactive Injection Molding) ^4 #2]-^ a], ^io^^SA-j o]-g-*v ^ fltK £^ 
3# 3# 44 £o>S] jH4r*W q&g -8-5=41 

3i£ -g-£2] s^Kg- ^44 t 3H4. 

(57) 



1. 




m, r ! $ r 3 aa ^^^Hr i ifl^q 30^ *m Hi^m^a *i h <h? 44^4 

4^r 1 ifljq 303] SEfc h1*144 bJ-sK^I, 4^€4^r 1 ifl*l 302] *14 Sfe Hl*]44 *14^ 44 

^±7), 4^€4^r 1 vflxl 305] *m Sfe Hl^l^ ^17), 4i€4^r 1 302] *\$ SLfe Hl*|J&3 "Wl, 4 
£^Hr 1 ifl*l 302] 2fe wl*144 ^7], Hl^7l, 4^4 oMI^He 2fe °^e]^* 4441 4, 22] 
flfl^Sl 2 4*1 300,0002] 3j^Hr 44to m ^ 2 ifl*l 300,0002] ^# 44M14) 
3^ 2. 

*HHH 8l°W,R i^R 3^44^^^, ^17], 50^7], nl^7l £feS2H^-ie}7mq-EHflui,l£: 
22] tifl^?l 1,000 ifl4 100,0002] 3*M- 4444 m ^ n€- 1,000 iflX| 100.0002J f^lS «fe 2 

2] 

3. 

§>7] 42] 51-^32]. §1-71 3Sf*H 62] 2fe 72] #7l-8-nfl lflo]]Ai ^^^-g-A^ S> 7 ] 

Sl-S}-^ 22] ^lSSfe f^AS Sfe 22] 2Hg-#2] ^ISWd-^. 

R * 

HO— Si-O-Si-OH ( R 2P)2Si(R 3 )2 
? ? 

HO-Si-O-Si-OH X2Sj(R3)2 

R, R, 7 

4 

2 

R,lR 3 fe44 t£±%t^ 1 iflxl 302] HLfe ^-51-^7], 

1 ifl^l 302] *m Sfe H)^l^ ^-T±7], ^^7>^ 1 lfl*| 302] ^mS^ H]^l^ ^ 

^i7l, 4i€7l-^ 1 ifl*| 302] Sfe H]^l^ ^17], 4^€4^ 1 tfl^l 302] *m 2fe Hl*l€-« ^71, 4 

i€7>^ 1 ifl^l 302] £Efe Hl^l«-^ 4^7), a] ^71, o>ui7l, °H|tW H afe 2>^e]^# q-E|-ifl^, R 2 
^i, 'l^, M-Mfl- SEfe ^rf-g- 4-Bl-ifljl, xfe f-s.^ i]-^^, 1^ 22] tifl^ 2 ifl^] 300,0002] ^ 

44^11, m ^ n^- 2 ^fl^l 300,0002] 44^4.) 

^13%H1 a}-§-o] 7>1ti}^-, ^-SAflV^-, n>o]3^3l- 2^>^H- Sfe ^7fWd SA]-ti]-§- ^ 6\ ± t\ 

^T 1 * 5. 

*ll3f-°)l sa<H^. 42] ^-^#2] A}^-^o] -H-71-g-Dfl 100<H1 tfl*H 5vfl^l 300f^4<?] ^J^r f^lS sfe ^ 

^7}S $7flSH ^fl^fe f^S §>fe 

^Jt 1 * 7. 
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*)16%H fl^W, «J~§- tW^f, seNli^ni, cHM^! Hejo^, ^14 

-4^0>n|, S)-^-^D)1^0}nl 6)]^ E^oflT^a}.^ 4^. 6V £ ^«e i £fe ^S^g. O^O^fe 5^^^ # 

^6%H1 5a<>M, ti j-g- ^nfl^ X\^o] g^M 4 s\ 100^^- i tflsH 0.001 tfl^l 5^43 ^3 



